Background: Posterior communicating artery aneurysms are often associated with a high rupture risk. This study compares the differences in the rate of growth and morphological characteristics between growing posterior communicating artery aneurysms and other types of growing aneurysms. Materials and methods: Thirteen patients with growing internal carotid artery aneurysms were scanned using Siemens 64 slice computed tomography scanners. Three patients had ophthalmic aneurysms, three had superior hypophyseal aneurysms and seven had posterior communicating artery aneurysms. Each aneurysm case had three distinct time points, with an average separation time of 1.3 AE 0.6 years. Annual aneurysm dimensional growth, annual volume growth, annual increase in surface area, size ratio, aspect ratio, and non-sphericity index were analysed. Results: Posterior communicating artery aneurysms demonstrated significantly higher annual increases in dimensional growth, volume and surface area when compared to other internal carotid artery aneurysms. Posterior communicating artery aneurysms also demonstrated a significantly higher increase in aspect ratio, size ratio and lower non-sphericity index. Discussion: Posterior communicating artery aneurysms had significantly greater growth per year when compared to other types of internal carotid artery aneurysms, and had different morphological characteristics.
Introduction
Cerebral aneurysms are relatively prevalent, affecting approximately 2.3% of the population. 1, 2 While the risk of rupture is relatively low, averaging approximately 1% per year, it carries high mortality and morbidity, with an approximately 50% case fatality rate and complete recovery in only 25% of survivors. 3 Therefore, identifying patients at increased risk of rupture has high clinical utility.
Multiple studies have examined the role of aneurysm location in the risk of aneurysm rupture. The International Study of Unruptured Intracranial Aneurisms (ISUIA) found that posterior circulation aneurysms (including posterior communicating artery (PCOM) aneurysms) demonstrated a significantly increased risk of rupture. Anterior circulation aneurysms had rupture rates of 0%, 2.6% and 14.5% for aneurysms less than 7 mm, 7-12 mm and 13-24 mm, respectively, compared with rates of 2.5%, 14.5% and 18.4%, respectively, for the same size aneurysm in the posterior circulation (including PCOM aneurysms). 4 Size has long been shown to be a significant risk factor for aneurysm rupture. The ISUIA found that aneurysmal size was a significant contributor to rupture 5 as well as location. Several other studies have also found size to be a significant risk factor. 6, 7 However, several other recent reports have implicated interval growth as the most important risk factor for aneurysm rupture. Villablanca et al. 7 identified growth as the most important risk factor for aneurysm rupture, with smoking and aneurysm size as other significant factors. 7, 8 Another study conducted by Mehan et al. 9 found growth and multilobulation as the only significant risk factors for rupture in multivariate analysis; in that study, size was not demonstrated to be significant when multivariate analysis was conducted.
However, while all aneurysms that ruptured in the Villablanca study were growing, only 2.4% of all growing aneurysms ruptured (vs. 0.2% for the non-growing group -a single fusiform aneurysm). In addition, in the second, larger patient cohort currently under analysis, several aneurysms ruptured without growth. This indicates that factors other than baseline size and aneurysm growth mediate rupture risk. It is our thought that variations in hemodynamics may be one of these mediating risk factors with prognostic value. [9] [10] [11] [12] [13] [14] [15] While several studies have implicated growth as the most significant risk factor for aneurysm rupture, aneurysm morphology may also play a role in risk analysis. Several risk factors, such as the presence of lobulations, aspect ratio, size ratio and non-sphericity index have also been associated with rupture. As mentioned above, multilobulation has been implicated in several studies as being a risk factor for rupture. 16 In addition, numerous studies have found an elevated aspect ratio to be another significant morphological risk factor for aneurysm rupture. 4, 10, 17, 18 Dhar et al. and Xiang et al. found that size ratio was one of the variables with the highest predictive value for aneurysm rupture. 19, 20 Several other groups have investigated the role of the non-sphericity index and found it to be significantly correlated with rupture risk.
Materials and methods
Thirteen patients with growing aneurysms (average age 67.8 years) originating from the internal carotid arteries were examined; seven had PCOM aneurysms and six had ophthalmic and hypophyseal artery aneurysms. These patients were a subset of a larger cohort of 165 patients, 7 38 of which (23%) had growing aneurysms. Each aneurysm case was analysed using data at three distinct time points with an average separation time of 14.7 AE 6.1 months. Scans were performed at patients' follow-up visits as scheduled by their treating neurosurgeon or neurointerventional radiologist. Patients with three follow-up examinations demonstrating interval growth were included in the study. Patient demographics and aneurysm characteristics are summarised in Table 1 .
Scans were performed using Siemens 64 slice computed tomography scanners after the administration of Ominpaque 350 iodinated contrast agent. The threshold for growth used was based on a change in size to the nearest tenth of a millimetre greater than the measurement error per manufacturer software specifications (<2 mm AE 10%; 2-10 mm AE 5%; >10 mm AE 2%) for one or more aneurysm dimension and a change in aneurysm volume of greater than or equal to 5% (Figure 1 ). Measurements were made for the aneurysm neck, parent vessel and all three dimensions of the aneurysm by an experienced neuroradiologist using Vitrea-3D software (Vital Images, Minnetonka, MN, USA), as shown in Figure 2 .
The volume and surface area were calculated, as well as the aspect ratio (height/neck width), size ratio (greatest aneurysm dimension/parent vessel diameter) and non-sphericity index (1 À (18p)1/3 V2/3/S, where S is the IA surface area). Statistical analysis was conducted using SPSS (IBM, Armonk, NY, USA). Parameters were analysed with a two-tailed independent Student's t-test for significance.
Results
The average growth per year for the largest dimension of growing PCOM aneurysms was 14.37% (SD 4.20%), significantly higher when compared to internal carotid artery (ICA) aneurysms in other locations, which grew an average of 7.03% per year (SD 5.95%) (P ¼ 0.012). When comparing the average growth in volume per year, PCOM aneurysms grew an average of 39.95% (SD 16.27%), significantly higher than other aneurysms, which grew an average of 11.63% per year (SD 4.68%) (P ¼ 0.0008). Growing PCOM aneurysms increased in surface area at a rate of 18.83% per year (SD 9.81%) significantly higher when compared to 8.38% per year for other growing aneurysms (SD 3.84%) (P ¼ 0.02). PCOM aneurysms also growing PCOM aneurysms had an average aspect ratio of 0.83 (SD 0.29) over the three time points, higher than other aneurysms, which had an average aspect ratio of 0.61 (SD 0.28) (P ¼ 0.09). Growing PCOM aneurysms had an average increase in aspect ratio of 6.73% (SD 5.5%), significantly higher than other growing aneurysms, which decreased in aspect ratio by 1.69% (SD 8.52%) over three time points (P ¼ 0.03). Growing PCOM aneurysms had a non-sphericity index of 0.329 (SD 0.07), which was significantly lower than other growing aneurysms that had a non-sphericity index of 0.379 (SD 0.09) (P ¼ 0.01). Growing PCOM aneurysms had an average size ratio of 1.26 (SD 0.94) significantly higher than other growing aneurysms, which had a size ratio of 0.72 (SD 0.91) (P ¼ 0.05), and a higher annual increase in size ratio of 8.02% compared to 4.05% in growing aneurysms (P ¼ 0.22).
Discussion
Size has long been considered the most important risk factor for aneurysm rupture; however, recently, numerous investigators have found that other risk factors are also significant, and in some cases, more closely correlated with rupture than size. The ISUIA found size and location to be the two significant risk factors for aneurysm rupture, with aneurysms of the PCOMs to have an eight-fold relative risk compared to aneurysms in other locations. 5, 20 Other studies also noted an increased risk of rupture for posterior circulation aneurysms. 7, 23 In this study, we examined a cohort of patients with growing anterior and posterior circulation intracranial aneurysms to investigate factors that could contribute to the differential risk of rupture. We found that aneurysms of the PCOM had increased growth compared to anterior circulation ICA aneurysms, with higher increases in the largest dimension, surface area and volume.
Growth has been shown in several studies to be the most important risk factor for predicting aneurysm rupture, [7] [8] [9] and the increased interval growth probably accounts for some of the increased risk of aneurysm rupture. However, we also noted a difference in morphology in the posterior circulation aneurysms when compared to anterior circulation aneurysms.
Growing PCOM aneurysms had higher aspect ratios as well as increased aspect ratios over the follow-up period, when compared to anterior circulation aneurysms. Several studies have found that higher aspect ratios are a significant risk factor for the risk of rupture. The PCOM aneurysm cohort also had a significantly lower non-sphericity index, which was found to be a significant risk factor for aneurysm rupture. [19] [20] [21] The PCOM aneurysm group also had a higher size ratio as well as increased size ratio over the follow-up period, a parameter found to be significantly associated with aneurysm rupture by several groups. 16, [19] [20] [21] [22] [23] [24] [25] In this study we noted that PCOM aneurysms had both a significantly higher growth rate and different morphology when compared to anterior circulation aneurysms. These factors may contribute to the increased risk of rupture of PCOM aneurysms that has been found in several large studies.
This study, however, was conducted on a relatively small cohort of growing aneurysms; a larger sample size could help to elucidate further other differences that may play a role. Furthermore, given the differences in aneurysm location, it is possible that aneurysms of the PCOMs have a different haemodynamic milieu when compared to anterior circulation aneurysms. 25 Analysis of hemodynamics would be a useful next step in helping to characterize further the increased growth rate and morphological differences. Hemodynamics are an area of active investigation and there is no consensus regarding patterns that increase the risk of rupture. Several groups have implicated both focally elevated wall shear stress 1,9-11 and areas of low wall shear stress as contributing to an increased risk of rupture. 1, [12] [13] [14] It is possible both low and wall shear stress conditions contribute to the risk of aneurysm rupture. Other hemodynamic parameters such as pressure and peak/mean velocity have also been investigated. 1 Further investigation of hemodynamics and continued longitudinal observation may identify other patterns contributing to aneurysm growth and rupture. 
